Introduction: Microwave-and m e t r e -w a v e (MMW) RF resources are receiving increasing attention since they are capable of providing wide-band channels required for both mobile communication systems and wireless local area networks [l] . To realise such systems, an approach involving optical and RF hybridisation is proposed. Hybrid fibrekoax networks enable robust transmission of an RF subcarrier signal via a singlemode fibre, thus enabling a significant reduction in the number of cascade RF amplifiers to be achieved. Microwave-and millimetre-wave digital transmission systems using QPSK or BPSK modulation have been reported [2] .
Although MMW bands have a capacity of > lGbit/s, previous works have reported data transmission of only several hundred Mbit/s [3] . This is due to the lack of a proper modulation scheme for the hybrid approach. In general, up-conversion schemes in the transmitter use an intermediate frequency to convert the base band-signal to the MMW band, with the result that the data rate cannot exceed the intermediate frequency. There is also a need for high frequency amplifiers and mixers, which are very difficult to implement if the MMW carriers are to be used at full capacity.
We propose a binary phase shift method using a single integrated hybrid device. The device is composed of two identical high-speed multiple quantum well (MQW) electroabsorption (EA) modulators branched with two multimode interference (MMI) couplers. The phase of the RF carrier changes as a result of optical amplitude modulation of the modulators and of the interference resulting from the phase delay at the MMI couplers. The results of the modulation operation of the device in the low frequency region have been presented [4] . In this Letter, BPSK modulation of a lOGHz signal is reported. They&, bandwidth of the device and the frequency spectrum of the modulated optical signal are also measured.
Device fabrication: The device structure is illustrated in Fig. 1 . The input 3dB MMI coupler divides and branches incident light into two identical MQW EA modulators. The MMI couplers are designed to have a paired interference mirror image with the same amplitude but 7d2 phase difference [5] . Since the two identical MMI couplers are placed at both the input and output ports as shown in Fig. 1 , the output of the device produces an out-ofphase image, which causes the optical fields to interfere destructively. On the other hand, the amplitude of the signal in each branch is varied when it passes through the EA modulator. A digital on-and-off signal (0 or I) is applied to the modulator M, to switch the operation state, and an RF carrier signal is applied to the modulator M,. When a reverse voltage is applied to modulator MI (OFF state), the out-of-phase output decreases as the reverse voltage to M2 is increased. In contrast, when MI is biased with OV (ON state), the output increases with the reverse voltage at M2. This is due to the fact that, when MI is on, the difference between
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the optical outputs from the two modulators increases at the output port as M2 becomes opaque. Thus, the phase of the R F camer generated at modulator M, is shifted by .n depending on the state of modulator MI. Since the subcarrier and the digital data are introduced independently to the modulators, the subcarrier frequency and the data rate are limited only by the bandwidth of the high-speed EA modulators. Therefore, the direct up-conversion from the base-band to the MMW band can be achieved when modulators with a 3dB bandwidth of several ten gigahertz are provided. In addition, synchronisation of a local oscillator to generate RF subcarrier and digital signal is not necessary in this scheme. This is because with this modulation mechanism the signal phase changes at an arbitrary time instant as a result of optical interference. 
Fig. 1 Integrated opticul/RF hybrid device
Input optical signal undergoes phase change of n when it passes through two mirror image MMIs
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The device was fabricated in the following process. The epitaxial layers of the modulator region were prepared on an n+-InP substrate by metal organic chemical vapour deposition (MOCVD). Multiple quantum well (MQW) absorption layers of 250nm thickness were grown between graded-index clads of 70nm thickness. The MQW layers consisted of ten pairs of 1.52 Q-InGaAsP wells (h, = 1 . 5 2~) of lOnm thickness and 1.2 Q-InGaAsP barriers (A, = 1 . 2~) of 6.5nm thickness. The low-loss passive region was grown by butt-coupled regrowth. Deep dry etching was applied to form the waveguide structures including MMI couplers and MQW EA modulators. A 3 p n thick polyimide was employed to block the leakage current and to reduce the pad capacitance [4] . 
Measurement results: The characteristics of the MMI couplers and EA modulators strongly depend on the wavelength and polarisa-
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tion of light. We used an HP8168F tunable laser and controlled the polarisation with a three-paddle fibre-rotating polariser. These adjustments were monitored using an IR-Vidicon CCD camera. TE mode 1 . 5 3~ light was selected to operate the MMI couplers under optimum conditions and to create a large modulator on-off ratio. The incident light power was set at 5mW. As for the EA modulator, we measured the optical and electrical properties of the EA modulators in this device. The on-off ratio at -3V was 16dB for the TE mode and 13dB for the TM mode at a wavelength of 1 . 5 3~. The 3dB bandwidth of the modulators was 18GH2, as shown in Fig. 2 . Each modulator was turned off when a reverse voltage of 4V was applied. We measured the overall operation characteristics using an optical power detector. The phase of output signal was changed by R in accordance with the input signal state at MI [4] . An R F signal of lOGHz with 5dBm to the M2 modulator was driven and a 4V lOMHz rectangular pulse train to M, was driven directly as a base-band digital signal. The frequency behaviour of the modulated signal was observed using a frequency spectrum analyser as shown in Fig. 3 . It was quite similar to that of the rectangular pulse train, having a unique sinc-function-like spectrum except at the centre (carrier) frequency. As expected, the power output at the centre frequency fc of lOGHz was less. This result implies that the phase of the car- 
Conclusions:
We have demonstrated that a base-band signal can be up-converted to a lOGHz R F subcarrier using an opticaLRF hybrid device. The device is composed of two identical MQW EA modulators of a bandwidth of 18GHz and two mirror image MMI couplers. Since the working frequency and the data rate are limited only by the bandwidth of the modulator, this operation principle can be extended to an MMW subcamer and the data rate of its full bandwidth capacity. [3] , four-wave mixing in a dispersion-shifted fibre (DSF) or an SOA [4] , electro-absorption (EA) modulator, etc. Using these demultiplexing methods re-time regeneration can be realised, although reshaping is rather difficult to obtain, hence additional devices may be needed to improve reshaping. To realise long distance transmission, the aegradation of signal quality due to noise accumulation, pulse distortion and crosstalk must be effectively suppressed. All-optical 2R regeneration based on the effect of self-phase modulation (SPM) of the data signal in a nonlinear medium has been demonstrated [5] . This method suppresses the noise in 0-bits and the amplitude fluctuations in 1-bits of return-to-zero (RZ) optical data streams. In this Letter, we present a new method that has the function of simultaneous demultiplexing and regeneration. The method is based on the effects of XPM and SPM in a dispersion-shifted fibre; after subsequent optical filtering demultiplexing and regeneration of a channel from a 4OGbit/s OTDM signal are realised simultaneously.
Principle: When the control pulses and the OTDM signals propagate simultaneously in a DSF, the optical spectrum of the OTDM signals will be broadened because of SPM and XPM. Assuming that the input OTDM signals have the spectral bandwidth A% and that dispersion can be ignored, the optical spectrum of the desired channel to be demultiplexed broadens due to SPM and XPM: Am = Awo(27r/X)n2ISL + 2Awo(27r/X)n2IC,L Here I, and I, are the pulse intensity of signals and control pulses, respectively, n2 is the nonlinear refractive index, h is the wavelength and L is the length of the DSF.
The other channels in the aggregated OTDM signal only suffer SPM effect, therefore the optical spectrum of the other channels after propagation in the DSF will broaden according to (1) A w = Awo(27r/X)n21sL ( 2 ) Eqn. 1 is the same as eqn. 2 except that an extra frequency broadening caused by XPM is added in eqn. 1. Owing to XPM, the optical spectrum of the desired channel to be demultiplexed will be separated in frequency from that of other channels. After the DSF, the signals pass through an optical filter, the centre fre-
